This study is an investigation into the crystal structure of the biologically active drug molecule riluzole [RZ, 6-(trifluoromethoxy)-1,3-benzothiazol-2-amine], C 8 H 5 F 3 N 2 OS, and its derivative, the riluzolium chloride salt [RZHCl, 2-amino-6-(trifluoromethoxy)-1,3-benzothiazol-3-ium chloride], C 8 H 6 F 3 N 2 OS + ÁCl À . In spite of repeated efforts to crystallize the drug, its crystal structure has not been reported to date, hence the current study provides a method for obtaining crystals of both riluzole and its corresponding salt, riluzolium hydrochloride. The salt was obtained by grinding HCl with the drug and crystallizing the obtained solid from dichloromethane. The crystals of riluzole were obtained in the presence of l-glutamic acid and d-glutamic acid in separate experiments. In the crystal structure of RZHCl, the -OCF 3 moiety is perpendicular to the molecular plane containing the riluzolium ion, as can be seen by the torsion angle of 107.4 (3) . In the case of riluzole, the torsion angles of the four different molecules in the asymmetric unit show that in three cases the trifluoromethoxy group is perpendicular to the riluzole molecular plane and only in one molecule does the -OCF 3 group lie in the same molecular plane. The crystal structure of riluzole primarily consists of strong N-HÁ Á ÁN hydrogen bonds along with weak C-HÁ Á ÁF, C-HÁ Á ÁS, FÁ Á ÁF, CÁ Á ÁC and CÁ Á ÁS interactions, while that of its salt is stabilized by strong [N-H] + Á Á ÁCl À and weak C-HÁ Á ÁCl À , N-HÁ Á ÁS, C-HÁ Á ÁF, CÁ Á ÁC, SÁ Á ÁN and SÁ Á ÁCl À interactions.
Chemical Context
Crystals are composed of an infinite array of atoms or molecules arranged in a regular pattern in space. Such crystals form assemblies of supramolecules (Desiraju, 2013; Yan & Huang, 2010) . These supramolecular assemblies are formed by the involvement of certain intermolecular interactions (Mondal, Kiran et al., 2017) . The study of these intermolecular interactions is significant in both chemistry (Raynal et al., 2014) and biology (Ball & Maechling, 2009 ). Some of the major intermolecular interactions are hydrogen-bonding, dipole-dipole, van der Waals and halogen interactions (Paulini et al., 2005) . Understanding the essential molecular interactions and synthons involved in the early stages of nucleation is very important in determining the formation of crystals (Davey et al., 2013) . These packing trends and supramolecular synthons can also repeat themselves in other crystal structures with similar functional groups. The phenomenon of polymorphism is also a common occurrence because of the possible presence of diverse combinations of intermolecular interactions (Cruz-Cabeza & Bernstein, 2014) . Riluzole (RZ) is the only available drug used for the treatment of amyotrophic lateral sclerosis (ALS) and diseases like Parkinson's disease, Huntington's disease and other mood ISSN 2056-9890 and anxiety disorders (Nakane et al., 2016) . Even though riluzole is a most important pharmaceutical drug (Doble, 1996) , no crystal structure of pure riluzole has been obtained to date, although several methods have been tried in the past (Mondal, Rao, et al., 2017; Mondal et al., 2018; Thomas et al., 2019; Yadav et al., 2018) .
In this work, we have been successful in obtaining crystals of riluzole along with those of its hydrochloride salt. An indepth analysis of the two crystal structures has been performed and the role of strong hydrogen bonds and weak intermolecular interactions in the crystal lattice has been established.
Structural commentary
The riluzolium chloride salt crystallizes in the P2 1 /c space group with one riluzolium cation (RZH + ) and a chloride anion (Cl À ) in the asymmetric unit while the riluzole molecule crystallizes in the centrosymmetric triclinic P1 space group with Z 0 = 4. The asymmetric unit of riluzolium chloride ( Fig. 1 ) shows a riluzolium ion with a chloride ion held via [N-H] + Á Á ÁCl À interactions between the riluzolium cation and the chloride anion. On the other hand, the asymmetric unit of riluzole ( Fig. 2 ) comprises four molecules, wherein each pair is perpendicular to the other pair, with parallel pairs being held together by CÁ Á ÁC, CÁ Á ÁO and CÁ Á ÁS intermolecular contacts and each pair is connected with the other pair via C-HÁ Á Á or C-HÁ Á ÁS hydrogen-bonding interactions. The conformations of riluzole and of the riluzolium cation in the crystal packing are preserved except for the conformational changes that occur in the -OCF 3 group. The main difference between the two molecular structures can be seen from the magnitude of the torsion angles Ci-Cj-Ok-Cl, Table 1 (Mondal, Rao et al., 2017; Mondal et al., 2018; Thomas et al., 2019; Yadav et al., 2018) . Both the structures in the current study crystallized in a centrosymmetric space group. Hence, only torsion angles within the 0 to 180 range are significant. In the crystal structure of RZHCl, the torsion angle relative to the -OCF 3 moiety is 107.4 (3) , which means that the trifluoromethoxy group is roughly perpendicular to the molecular plane of the riluzolium ion. The corresponding torsion angles for the four different riluzole molecules in the asymmetric unit of the crystal structure of RZ are À86.2 (4), 91.9 (3), À96.4 (3) (when the -OCF 3 group is perpendicular to the molecular plane of riluzole) and 167.6 (2) (for one molecule when the group is in the same molecular plane).
Supramolecular features
The riluzolium ion forms hydrogen-bonding interactions (Table 2) ORTEP view of riluzole drawn with 50% ellipsoidal probability. The dotted lines depict intermolecular interactions in the asymmetric unit. Table 1 List of torsion angles ( ).
91.9 (3) C20-C21-O3-C24 167.6 (2) C28-C29-O4-C32
À96.4 (3) Figure 1 ORTEP view of riluzolium chloride drawn with 50% ellipsoidal probability. The dotted lines depict intermolecular interactions in the asymmetric unit.
nium molecules in parallel planes are connected by weak CÁ Á ÁC and CÁ Á ÁS interactions (Motif V, Fig. 4 ). Two such chains along the b axis are connected via motif IV, the dimer based on two symmetry-related C-HÁ Á ÁF-Csp 3 interactions, which yields an R 2 2 (12) graph-set motif. The importance of such interactions has been evidenced in the crystal structures of -F-and -CF 3 -containing benzanilides (Panini et al., 2016) . The crystal structure of riluzole consists of strong as well as weak interactions between the corresponding riluzole molecules. Similar types of interactions are grouped together as motifs, in both parallel and perpendicularly aligned molecules in the asymmetric unit. Strong N-HÁ Á ÁN hydrogen-bonded R [Figs. 5 and 6] , in the crystal packing and these structural features are indeed noteworthy. Furthermore, we have also observed sulfur forming weak C-HÁ Á ÁS and CÁ Á ÁS interactions (Motifs VII and VIII) in addition to the presence of weak CÁ Á ÁO, CÁ Á ÁC (Motif VI), and C-HÁ Á ÁC interactions (Motif IX) (Fig. 6) .
The electrostatic potentials (ESP) (Spackman et al., 2008) were mapped on the Hirshfeld surfaces for RZHCl (Fig. 7a) , and for the four molecules in RZ (Fig. 7b, front 
The normalized values of hydrogen atoms given by PARST (Nardelli, 1995) were used for the hydrogen-bonding (Taylor & Kennard, 1983) 
Database analysis
Recently, Thomas and coworkers (Thomas et al., 2019) reported the ubiquity of a robust, directional SÁ Á ÁO chalcogenbonded synthon and have probed the electronic nature in a series of co-crystals and salts of the drug riluzole. The SÁ Á ÁO bond order for chalcogen bonding was found to be one-third of a single bond (minimum 0.10 to maximum 0.35), and these are short (2.90 to 3.40 Å ) and directional (<C-SÁ Á ÁO = 160-179 ) in nature. In another recent study, performed on the drug riluzole, the riluzole molecules (CCDC codes YEPJIP and YEPJOV; Yadav et al., 2018) also display the presence of SÁ Á ÁO chalcogen-bonded synthons (SÁ Á ÁO distances = 3.39 and 3.42 Å , respectively). However, in the current study, SÁ Á ÁO chalcogen-bonded synthons were not observed.
Synthesis and crystallization
Riluzole was obtained from Rallis India Ltd, and different solvents were used to crystallize it, along with two additives, namely l-Glutamic acid (LGA) and d-Glutamic acid (DGA), which were obtained from Sigma Aldrich and used directly without further purification. The crystallization of riluzole was conducted with LGA and DGA, by the solvent-drop grinding method. Grinding was carried out for 15-20 minutes, with the dropwise addition of methanol at an interval of 5 min in an agate mortar and pestle. The slow evaporation method was conducted both at low temperature (278 K) in a refrigerator and also at room temperature with 5 mg of granulated material for each crystallization. This resulted in the formation of plate-like crystals of riluzole from methanol. The riluzole crystals were collected from the crystallization beaker under the polarizing microscope and used for single crystal XRD experiments. No further experiments to evaluate the role of additives have been performed and these are not within the scope of the current work.
Riluzolium chloride was obtained by grinding concentrated HCl (35%) with riluzole in a 1:1 molar ratio for 10-15 minutes and the powder obtained was recrystallized from different solvents. 5 mg of granulated material was used for each crystallization. In particular, crystals of riluzolium chloride were obtained from dichloromethane (DCM).
Refinement
Crystal data, data collection and structure refinement details are summarized in and refined as riding with U iso (H) = 1.2U eq (C, Nsp 2 ). Hydrogen atoms attached to sp 3 nitrogen atoms were located in difference-Fourier maps (Nsp 3 -H = 0.81-0.91 Å ). The normalized values of hydrogen atoms given by PARST (Nardelli, 1995) were used for the hydrogen-bonding (Taylor & Kennard, 1983) (Sheldrick, 2008) and Mercury (Macrae et al., 2008) ; software used to prepare material for publication: SHELXTL (Sheldrick, 2008) and WinGX (Farrugia, 2012) .
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